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Abstract 
The diamond-type grade separation is one of the common intersections used on the roadway network. It is widely 
known that diamond interchanges serve as critical links between two roadways. In this study, a brief introduction of 
diamond interchange of China and USA is provided. The purpose of this paper is to analyze and compare these two 
interchanges' operation performance in terms of their geometry characteristics, traffic signal control and safety 
implication. The study also focuses on the discussion on the characteristics and applicability of Chinese diamond 
interchange.  
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).   
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1. Introduction 
Interchanges are the crucial element in roadway system. Diamond interchange is one of the 
interchanges widely used at freeway or expressway corridors. Diamond interchanges are important 
locations for both freeways and urban streets due to their unique traffic flow patterns and geometric 
characteristics. In the United States, A standard diamond interchange (shown in Fig.1) consists of two 
signalized intersections, with typical spacing ranging between 200 ft and 1000 ft. In China, the most 
common diamond interchange (Fig. 1) has only one signalized intersection. The diamond interchange 
used in China can be described as fully compressed one used in USA.   
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Fig. 1. (a) Diamond Interchange with twin-intersection;             (b) Diamond Interchange with one-intersection 
The reason that the diamond interchange with one intersection is very common in China resides in the 
fact that there are frontage roads along the main roadway. Generally, the frontage road is very closely 
located on both sides of the main roadway. At this situation ramp-on or ramp-off of diamond interchange 
functions as part of frontage road. According to comprehensive survey in the city of Beijing, it is found 
that diamond interchange is the most widely distributed interchange and this interchange accounts for 
45% of all in Beijing. The distribution is shown in Fig 3.  
Fig. 2. Distribution of Primary Urban Interchange Type in Beijing 
In America, diamond interchange is also the most frequently used facility in each state. The 
distribution can be seen in Fig.3. 
Fig. 3. Distribution of Primary Urban Interchange Type in America 
Generally speaking, the diamond interchange has features of low cost, easiness to use and savings of 
land.   
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2. Literature review 
The 2000 Highway Capacity Manual provides some findings about interchange ramp operations and 
the control strategies at closely-spaced intersections. However, the HCM does not provide much 
information as expected on operational characteristics and level of service. 
Nicholas J. Garber and Michael D. Fontaine developed guidelines to aid designers in the preliminary 
selection of the optimum interchange type at a location and made a brief introduction of diamond 
interchanges. A literature and a nationwide survey of state engineers helped to reveal that diamond 
interchanges with twin-intersection were the simplest and most common type of interchange placed at the 
intersection of a major and minor facility, and are commonly used in both rural and urban settings. 
Srinivasa R. Sunkari and Thomas Urbanik II presented the traffic signal design of an interchange with 
twin-intersection depends on numerous factors like the spacing between the intersections, predominant 
traffic patterns, and available right-of-way. This design manual provides guidelines for the signal design 
of a diamond interchange. 
Nadeem A. Chaudhary, Chi-Leung Chu and Vijay G. Kovvali made a presentation of the current status 
of technology and state-of-practice for timing diamond interchanges in Texas and provided a detailed 
analysis of various control strategies. 
Chen and Yang classified the diamond interchange with one- intersection into two types: one has 
frontage roads, the other no frontage roads. Specifications for design urban road combined the literatures 
which have the capacity calculation model and methods, calculate the typical lane layout’s capacity 
respectively.        
Hu and Lv analyzed and compared two diamond interchanges  from geometry characteristic, operation 
conditions, land occupation, bridge design, service level, mobility of rebuilt and enlarge. However, Single 
Point Diamond Interchange and Tight Diamond Interchange discussed in the paper are not the usual type 
appeared in China. 
Zhao introduced common basic diamond types of interchange and also introduced the traffic features 
and adaptive conditions of improved new diamond types of interchange. 
Wang and Xu analyzed the existed traffic problems of diamond viaduct which was located in the 
intersection of expressway and major- minor path with some practical cases of Shanghai Outer Ring 
diamond viaduct, parallel ramp of Xu Jia Hui Rd, South-north Viaduct and provided three improvement 
ways to meet with different construction.  
Li, Jia and Sun introduced the methods of organizing traffic flows in a signalized diamond 
interchange’s intersection with waiting areas, channelized design and signal control. The effect of the 
establishment of the waiting areas for auto vehicles turning left or going straight on the traffic capacity 
has been discussed in consideration of channelized design and signal control. 
In summary, based on the literature review, there has been a good deal of research on Diamond 
Interchange with twin-intersection in America, but little research specifically on the operation 
performance of Diamond Interchange with one-intersection in China. The results of this study will help 
traffic and road engineers to know the DIO and DIT’s characteristics and applicability. 
3. Objective of the study 
The objective of this study is to analyze and compare Diamond Interchange with twin-intersection and 
Diamond Interchange with one-intersection operation performance. Because driving along the freeway, 
the operational and geometric characteristics of these two kinds of bridge types are essentially the same. 
Therefore, we will focus on the intersection with the ramp of interchange facilities. To reach this 
objective it is necessary to elaborate the geometry characteristic and traffic signal control of these two 
interchanges. 
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4. Methodology of research  
Comparisons are made from three characteristics: geometrics, signal control and safety. For simplicity 
DIO stands for diamond interchange with one intersection; whereas DIT represents diamond interchange 
with two intersections. 
4.1. Geometric characteristic 
The intersections’ geometric characteristics of these two kinds of interchanges are not the same. 
Although the required number of lanes is the same at the special traffic conditions, the difference of the 
overall geometry needs to be analyzed thoroughly. 
In China, the primary elements of a Diamond Interchange with one-intersection design are as follows: 
Diamond Interchange with one-intersection is used to accommodate traffic from major city streets and 
freeways with parallel frontage roads. According to the different design of the main line (freeway road) 
elevation, it can be divided into two kinds: a DIO with the freeway going over the cross-road and a DIO 
with the cross-road going over the freeway. However, in China, the first one is the most common one. For 
example, in the city of Beijing, there are 105 diamond interchanges distributed within the fifth ring road’s 
range, however, only 3 of them are DIOs with the cross-road going over the freeway.  
The configuration shown in Fig 4 is an example of an urban diamond interchange with one-
intersection including city streets, freeway and parallel frontage roads. The distance between freeway off-
ramp terminal and intersection stop line generally ranges from 800 to 1200 ft. 
Fig. 4. Diagram of standard DIO 
At the intersection, the width of approach lane is 10 ft, the width of exit lane is 11.5 ft. There are also 
two waiting-areas for left-turning movement for the opposite frontage roads at the intersection. The 
waiting area refers to the area from stop line to the edge of extended left lane is often seen at big 
intersection where there is more space for left turn vehicles to stay during lagging phase. Generally the 
waiting area can allow 5 to 8 left turn vehicles to stay, resulting in high discharging rate. Turning radii 
used at the crossover junction are typically in the 100- to 150-ft range.  
Pedestrian crossings are accommodated by installing crosswalks and signalization at the intersection of 
the DIO. Because the width of the cross-road is relatively wide often 6 to 8 lanes, pedestrians often need 
to cross the junction in two stages by using the refuge island (under the bridge).  
The primary elements of a DIT in America design are as follows: 
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Diamond interchanges, like the one shown in Fig. 5, are the most commonly used interchange patterns 
in North America providing connections between the major highways and arterial streets in urban and 
suburban areas.  
Diamond interchanges are the simplest and most common type of interchange placed at the 
intersection of a major and minor facility, and commonly used in both rural and urban settings. A 
diamond interchange consists of one-way diagonal ramps placed in each quadrant. A diagram of a 
diamond interchange is shown in Fig.5.  
On the HCM2000, there are many variations on the diamond interchange. The typical diamond has 
three subcategories defined by the spacing of the intersections formed by the ramp-street connections. 
Conventional diamond interchanges provide a separation of 800 ft or more between the two intersections. 
Compressed diamond interchanges have intersections spaced between 400 ft and 800 ft, and tight urban 
diamond interchanges feature spacing of less than 400 ft. Therefore, DIT typically is designed with 
spacing ranging between 200 ft and 1000 ft (shown in Fig 5). For example, a DIT located on I-75 at APD 
40, Bradley County is a typical diamond interchange with spacing between two intersections being 
approximately 650 feet.  
Fig. 5. Ichnography of standard DIT 
In America, DIT is usually designed as underpass pattern, meaning the crossroad goes overpass.  
For the DIO, vehicles make left turn at typical 45 °-60 ° angle at the ramp stop line, and leave the 
intersection with 90 ° angle. All appropriate left-turning radii is 100 -160ft. On the other hand, DIT’s left-
tuing angle is 80°-90 ° and turning radii for left turn is 50-80ft. 
4.2. Traffic signal control 
The signal used at DIO in Beijing operates like the conventional signalization for grade intersections.  
It should be noted that the actual dimension of DIO’s intersection is bigger than the conventional 
intersection. The high proportion of left-turn vehicles from the frontage roads often causes significant 
delays and produces negative impact on capacity at the intersection. Therefore, in order to solve this 
problem, exclusive left-turn lane (left-turn vehicles waiting area) and protected left-turn phase (lagging 
phase shown in Fig 6) are set to control the intersection.  
130   Hongqiao Song and Xiaokuan Yang /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  125 – 134 
Fig. 6. Signal lamp for left-turn waiting vehicles 
Left-turn vehicles waiting area at signalized intersections is a new strategy to deal with left-turn traffic 
in China’s megapolis in recent years. the left-turn vehicles are allowed to enter intersection during the red 
phase (lagging phase) to wait at waiting area and pass through the intersection as soon as arrow turns 
green. This strategy can enhance the intersection’s capacity based on field observation in the city of 
Beijing.  
In Beijing, protected left-turn lagging phase is usually used for DIO’s intersection signal control. 
Lagging phase dictates that through traffic on frontage roads goes first followed by left-turn movements. 
Considering the complex traffic flow, the two most commonly used diamond phasing schemes are used: 
basic three-phase and four-phase as shown in Fig 10 and Fig 11. At the same time, based on the different 
treatment to the protected left-turn phase, the traffic signal control strategy can also be divided into the 
following two methods.  
Method 1: According to the position of the left-turn waiting area’s stop line, we can figure out the 
whole lost time “L”, and then design the signal timing in accordance with the general procedure. Due to 
the increase of green interval, the signal cycle increases. The timing of the method 1 is shown in the 
following figures. 
     
Fig. 7. Method 1 - The signal periods of area to be driving left-turn (a) three-phases strategy; (b) four-phases strategy 
Signal lamp for left-
turn waiting vehicles 
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Fig. 8. Method 1 - The signal periods of area to be driving left-turn (a) three-phases strategy; (b) four-phases strategy 
Method 2: To maintain the same signal cycle, on the basis of not setting left-turn waiting area’s signal 
timing, starting the left-turn phase lately. Thus, we can extend the green interval. The timing of the 
method 2 is shown in the following figures.   
In America, diamond interchanges are often characterized by complex traffic flow patterns, especially 
high turning movements and limited spacing between the signals. At a diamond interchange, the two 
traffic signals are typically controlled by a single signal controller, American engineers often use the 
distance criteria (conventional, tight, or compressed diamond) and demand levels to select the control 
strategy (Texas 3-Phase, Texas Transportation Institute (TTI) 4-Phase, or separate intersection control). 
Texas Three-Phase Strategy: Fig 9 provides an illustration of the Texas three-phase. This strategy used 
lag-lag phasing and is designed to provide arterial through progression. Three-phase control works well as 
long as there is balanced demand at the two frontage roads/ramps and when there is sufficient storage 
space between the two intersection (interchange interior). Texas three-phase strategy uses lag-lag phasing 
sequence. This strategy first serves frontage roads (ramps) followed by main-street through traffic and 
then the interior left-turn movements. Texas three-phase operation can be only used when there is 
sufficient space (more than 500 feet) within the interchange to store vehicles. 
       
Fig. 9. Texas three-phase control strategy 
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Texas Four-Phase Strategy: Fig 10 provides an illustration of the Texas four phase strategy. This 
strategy is also known as TTI 4-phase. TTI 4-Phase is the most commonly used strategy. TTI 4-phase 
strategy uses lead-lead phasing pattern and minimizes internal queues. This phasing scheme is suitable for 
diamond interchanges that are closely spaced. 
Separate Intersection Mode: Fig. 11 illustrates the separate intersection mode of controlling diamond 
interchanges. This mode treats the two intersections as independent. A common cycle length and offset 
(ring lag) are used to coordinate the two intersections. Furthermore, this mode only permits lead-lead 
phasing.    

Fig. 10. Texas Four-Phase Control Strategy 
Fig. 11. Separate Intersection Mode 
    
Fig. 12.  Conflict diagrams for a DIO (left) and a DIT (right)  
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4.3. Safety performance   
In this paper, we use the number of conflicts as criterion of safety performance for these two types of 
interchange. Fig. 12 shows conflict points’ distribution for a DIO interchange (left) as well as for a DIT 
(right).  
Table 1. Conflict point comparison 
Type DIO DIT 
Diverging 6 6 
Merging 6 6 
Crossing 2 4 
Total 12 16 
From safety analysis, Diverging point is the location where a traffic flow line divides into two traffic 
flow lines. Sometimes, there will be some rear collision of vehicles happened at the diverging points. 
Merging point is the place where different traffic flow lines merging together with a small angle into a 
line of traffic flow. Because of a series of braking deceleration, it will reduce the intersection’s traffic 
capacity. For angling point, it means a location where the different traffic flow lines from different 
directions intersect together with a large angle. Because sometimes the direction of traffic flow is 
perpendicular, or reverse convention, angling point’s interference grade is much more serious than 
diverging point and merging point. 
Table 1 shows conflict points of DIO and DIT, respectively. Note that the DIO has two angling 
conflicts, whereas the DIT has four crossing conflicts. Both designs have six diverging conflicts. 
However DIO has less merging conflicts than DIT. In general, reduction of the number of conflict points 
is expected to reduce the number of crashes. According to the comparison shown in table 1, DIO has the 
potential of high risk of accident. 
5. Conclusion and further study 
This paper primarily introduces diamond interchange with twin-intersection and diamond interchange 
with one-intersection. By elaborating the geometry characteristic, traffic signal control of these two 
interchanges and safety performance, a comparison of operation performance of diamond interchange 
between China and America is provided in this paper. It is hoped that the result of this study can help 
planners in the evaluation and selection of interchanges.  
However, in this paper, a measurable indicator is not proposed to evaluate which of these two 
interchange is obvious good or bad. Because of so many huge differences, this is a challenge of 
comparison of operation performance between different contries. As a result further studies are needed to 
compare operational traffic performances of the DIO and the DIT by using simulation modeling. 
Modeling should be conducted on prototype geometries that are similar and representing a wide 
distribution of traffic flow conditions. 
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